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SPECIFICATION 

1 . Title of the Invention: INVERTER WELDING MACHINE 

2. Scope of the Patent Claims 

(1) An inverter welding machine that is made usable for 2 or more types of different power source voltages by, in an inverter 
welding machine that reduces the output of an inverter unit that converts direct current into high frequency alternating current 
to a welding voltage with a transformer, and converts it back into direct current with a rectifier on the output side and 
supplies it to the arc load, establishing on the part preceding said inverter unit an input switching unit that compares the direct 
current input voltage of the inverter unit with a preset value, and keeps the direct current input voltage of the inverter unit 
approximately constant by controlling the conduction ratio of the switching element according to the deviation from the 
preset value. 

(2) An inverter welding machine according to Claim 1, wherein said input switching unit is equipped with current control 
means that controls the conduction ratio of said switching element so that the input current of the inverter unit does not 
exceed a preset value. 

3 . Detailed Description of the Invention 
(Industrial Field of Application) 

The present invention relates to an inverter welding machine that reduces the size and weight of power supply units using an 
inverter that converts direct current into high frequency alternating current. Specifically, the present invention relates to an 
inverter welding machine that is suitable for common use with respect to 2 or more types of power source voltages, such as 
AC 200V and 400V. 

(Prior Art) 

Conventional inverter welding machines generally rectify AC 200V input from a commercial power supply, convert it into 
direct current, and feed it to an inverter unit. Models that can be commonly used for both AC 200V and 400V have also been 
produced as necessary, but such models are equipped with a step-down transformer having a 200V/400V switching tap on the 
input side. A conventional example of such an AC 200V/400V common device is shown in Figure 2. 

In Figure 2, 1 represents alternating current input terminals, and either AC 200V or 400V is fed from a commercial power 
supply. 2 is an input side step-down transformer, and has a switching tap on the primary side and outputs AC200V, for 
example, to the secondary side. 3 is an input side rectifier, and converts the output of input side step-down transformer 2 into 
a 3 -phase full-wave rectified direct current. 
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4 is a smoothing condenser. 5 is an inverter unit, and converts direct current input into high frequency alternating current (20 
kHz, for example) and applies it to transformer 6. Transformer 6 reduces the inverter output to a welding voltage. 7 is an 
output side rectifier, and converts the secondary output of transformer 6 back into direct current. 8 is a direct current reactor, 
and direct current output is fed through it to arc load 9. In this case, the output voltage and current are controlled by inverter 
unit 5, so it is not possible to handle substantial changes in input voltage exceeding the normal voltage fluctuation range for 
alternating current power supplies (±10 to 15%). Moreover, as the input voltage increases, a high voltage resistance element 
becomes more necessary as the switching element of the inverter unit, causing increases in the price of the device. Due to 
these reasons, input side step-down transistor 2 is added to a normal 200V input device to form a 200V/400V common 
device. 

(Problems to be Solved by the Invention) 

However, with the conventional technology described above, the establishment of the step-down transformer on the input 
side causes the power supply unit to become large, resulting in the loss of the small size and light weight of the device, which 
are particular features of inverter welding machines. There is a wide spectrum of voltage classes for commercial alternating 
current power supplies based on country and region - 200V, 220V, and 230V, or 380V, 400V, 440V, and 460V, for example 
- and in order to accommodate all of these, it is necessary to either increase the number of input side step-down transformer 
taps or use a separate model with different circuit specifications. Moreover, in the case in which a switching circuit that 
accommodates these power supply voltages is established, the circuits become complicated, and in the event that mistakes are 
made regarding operations or connections, there is the danger of destroying the circuit elements with overvoltage. On the 
other hand, in the case in which the same circuit is shared for power supply voltages between AC 200 and 230V, for 
example, it is necessary to presume the case in which the highest possible input voltage is applied and configure protection 
circuits for the inverter unit, which results in increases in price. 

The objective of the present invention is to provide an inverter welding machine that can be commonly used for 2 or more 
types of different power supply voltages, without establishing an input side step-down transformer - which causes problems 
in the conventional technology described above - and without requiring switching circuits or expensive protection circuits. 

(Means for Solving the Problems) 

The above objective is achieved by, in an inverter welding machine that reduces the output of an inverter unit that converts 
direct current into high frequency alternating current to a welding voltage with a transformer, and converts it back into direct 
current with a rectifier on the output side and supplies it to the arc load, establishing on the part preceding the inverter unit an 
input switching unit that compares the direct current input voltage of the inverter unit with a preset value, and keeps the 
direct current input voltage of the inverter unit approximately constant by controlling the conduction ratio of the switching 
element according to the deviation from the preset value. 

In the above input switching unit, it would also be acceptable to add a current control means that controls the conduction 
ratio of the switching element so that the input current of the inverter unit, which is the next stage of the device, does not 
exceed a preset value. 

(Operation) 

With the inverter welding machine of the present invention, through the action of the constant voltage switching of the input 
switching unit, the output voltage - in other words, the direct current voltage of the inverter unit, which is the next stage of 
the device - is held at an approximately constant voltage adapted for the inverter unit, even if the input voltage of the 
switching unit changes due to the power supply voltage. It is therefore possible to accommodate 2 or more types of different 
power supply voltages such as AC 200V and 400V, without switching the circuits. Moreover, by giving the input switching 
unit the functionality to control current, it is possible to protect the circuit elements by controlling the current in the case in 
which overcurrent happens to flow into the inverter unit. 

(Embodiments) 

One embodiment of the present invention will be explained hereafter with reference to Figure 1. 

The basic structure of this embodiment is a device in which the input side step-down transformer 2 of Figure 2 is omitted, 
and input switching unit 10 is established between inverter unit 5 and the part preceding inverter unit 5 - in other words, 
smoothing condenser 4. In this embodiment, this input switching unit 10 is formed from switching element 11, which is 
connected in series to the direct current input side of inverter 5, and a step-down chopper circuit comprising flywheel diode 
12, smoothing reactor 13, and condenser 14, which are connected to the output side of this switching element. In the case of 
an AC 200V/400V common device, an IGBT (Insulated Gate Bipolar Transistor) with which high-speed response is possible 
with high voltage resistance is suitable to be used for this switching element 1 1, but a normal bipolar transistor would also be 
acceptable. 
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Inverter unit 5 is formed by bridging power MOSFETs Ti-T 4) and its high frequency alternating current output is applied to 
the primary side of transformer 6. The secondary output of transformer 6 is converted into direct current with output side 
rectifier 7, and it is then fed through direct current reactor 8 to the arc load, which is not shown in the figure. The output side 
voltage and current are controlled as follows. 25 is a current detector on the output side, and is formed from a component 
such as a shunt resistor. 26 is a voltage detector on the output side, and 27 is a current setter on the output side, which 
compares a signal corresponding to its current preset value I 2 and a detector signal of current detector 25 with error amplifier 
28 and obtains an amplified error signal. 29 is a voltage setter on the output side, which compares a signal corresponding to 
its voltage preset value V 2 and a detector signal of voltage detector 26 with error amplifier 30 and obtains an amplified error 
signal. 3 1 and 32 are diodes for the purpose of prioritizing the lower voltage from among each of the output signals of error 
amplifier 28 and error amplifier 30 and inputting it into pulse width control circuit 33. Pulse width control circuit 33 
compares this input voltage with a saw-tooth wave reference voltage, and outputs a pulse - which is wider for lower input 
voltages - with a constant period to inverter drive circuit 34. In other words, if the output voltage V 0ut 2 is lower than the 
voltage preset value V 2 , then the output voltage of error amplifier 30 becomes low. Pulse width control circuit 33 functions to 
accordingly output a wide pulse, widen the conduction width of inverter 5, and then increase the output voltage V 0uI 2- The 
output current Iout2 is controlled in the same way, but the constant current control that is performed by error amplifier 28 
functions as a current limiter that limits the maximum current, and with currents that are equal to or less than the limit value, 
constant voltage control is performed by error amplifier 30. 

The voltage and current of the inverter input side of input switching unit 10 are fundamentally controlled in the same way as 
described above. The input current I^i is detected with current detector 15, and the resulting detector signal is compared to a 
signal corresponding to the current preset value Ii of input side current setter 17 with error amplifier 18. On the other hand, 
the output voltage Vomi of input switching unit 10 is detected with voltage detector 16, and the resulting detector signal is 
compared to a signal corresponding to the voltage preset value Vi of input side voltage setter 19 with error amplifier 20. 21 
and 22 are diodes for the purpose of prioritizing the lower voltage from among each of the output signals of error amplifier 
18 and error amplifier 20 and inputting it into pulse width control circuit 23. Pulse width control circuit 23 compares this 
input voltage with a saw-tooth wave reference voltage, and outputs a pulse - which is wider for lower input voltages - with a 
constant period to driver circuit 24 of switching element 1 1 . 

Next, the operation of input switching unit 10 will be explained. In the case in which the power supply voltage is AC 200V, 
the input voltage V^ of input switching unit 10 becomes DC 270V when it is 3-phase full-wave rectified. Likewise, in the 
case in which the power supply voltage is AC 400V, it becomes DC 540V. On the other hand, the relationship between the 
input and output voltages of input switching unit 10 is: 

y ? y : 9 I&l 

Y OutX ' r ml ' jj ' 

Here, T is the switching period and to n is the switch-on time of switching element 1 1. Accordingly, if T is held constant, it is 
possible to maintain the output voltage Vomi at a constant voltage adapted for inverter unit 5 by changing to m regardless of 
whether DC 270V or DC 540V was inputted For example, as in this embodiment, in the case in which a power MOSFET is 
used as the switching element of inverter unit 5, the range between approximately DC 200V and 270V is suitable as Vouti 
from the perspective of the withstand voltage of the element, and by configuring it in this way, it is possible to simplify the 
protection element of the power MOSFET. 

Therefore, in this embodiment, the output voltage Vouti detected with voltage detector 16 is compared to the preset value V L 
of voltage setter 19. Pulse width control circuit 23 is activated by the output voltage of error amplifier 20 such that the 
difference between these two becomes zero, and the conduction ratio of switching element 1 1 is controlled. The output 
voltage V 0u ii is thus held approximately constant, even in cases in which the input voltage V^ substantially changes as 
described previously. Moreover, in this embodiment, input switching unit 10 is given current control functionality through 
error amplifier 18, so in the case in which over current happens to flow into inverter 5, it functions as a limiter that limits the 
maximum current, and it is thus possible to protect the element of the inverter unit. 
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The present invention is not limited to the embodiment described above, and the following such variations and applications 
are possible. 

(1) The circuit structure of the input switching unit is not limited to the step-down chopper system shown in the above 
embodiment, and it may also be a step-up chopper system that keeps voltages constant at the highest voltage from among 
various different input voltages. 

(2) In the above embodiment, a PWM system that keeps a constant pulse period was described as a system for controlling the 
conduction ratio of the input switching unit, but it would also be acceptable to use a PFM system that changes the pulse 
period T with a constant switch-on time to m for example. 

(3) As an example of an application of the input switching unit, it is possible to align the power supply voltage and phase and 
control the peak value of the charging current of the smoothing condenser (4 and 14 in Figure 1) by synchronizing the control 
of the input current with the power supply period (specifically, the current preset value is modified by synchronizing it with 
the power supply period), and the power efficiency of the alternating current input is also improved 

(4) Direct current is used for the welding output in the embodiment, but it is also possible to apply the device to an 
alternating current welding machine that outputs current after converting direct current back into alternating current. 

(5) The welding output control may be one of either constant voltage control or constant current control as circumstances 
demand. Moreover, in cases in which high precision is not required for output control, it is also possible to use a simple 
system using only control with the input switching unit, without inverter unit output control. 

{Effect of the Invention) 

According to the present invention, the direct current input voltage to the inverter unit, which is the part of the device that 
follows the switching unit, is always held approximately constant, even if the input voltage of the input switching unit 
substantially changes. It is therefore possible to commonly use the same circuit for various different power supply voltages 
without requiring circuit switching, and there is no risk of losing the particular features of inverter welding machines - small 
size and light weight - as in cases in which a step-down transformer is established on the input side. Moreover, the input 
voltage of the inverter unit is made constant with the input switching unit, so it is possible to simplify the protection circuit of 
the inverter unit, and there is no risk of destroying the circuit elements with mistaken operations or mistaken connections of 
switching circuits. Furthermore, by giving current control functionality to the input switching unit, it functions as a current 
limiter in the case in which overcurrent flows into the inverter unit, and it is thus possible to improve reliability. 

4. Brief Description of the Drawings 

Figure 1 is a circuit diagram of one embodiment of the present invention, and Figure 2 is a circuit diagram of a conventional 
example. 

I . . . alternating current input terminals 2. . . input side step-down transformer 
3 . . . input side rectifier 4 . . . smoothing condenser 
5... inverter unit 6... transformer 

7 . . . output side rectifier 8 . . . direct current reactor 

9... arc load 10... input switching unit 

II. .. switching element 12... flywheel diode 
13... smoothing reactor 14... smoothing condenser 
15... input side current detector 16... input side voltage detector 
17... input side current setter 18... error amplifier 


19. . . input side voltage setter 
21, 22... diodes 

24... switching element driver circuit 

26. . . output side voltage detector 

28 . . . error amplifier 

30... error amplifier 

33 . . . pulse width control circuit 

Patent Applicant 
Representative 


20 . . . error amplifier 

23 . . . pulse width control circuit 

25 . . . output side current detector 

27. . . output side current setter 
29. . . output side voltage setter 
31,32... diodes 
34. . . inverter drive circuit 

Hitachi Seiko, Ltd 

Patent Attorney Mas ami Akimoto 

(1 additional representative) 
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[see source for figures] 


1 . . . alternating current input terminals 
3 . . . input side rectifier 
4... smoothing condenser 
5... inverter unit 
6... transformer 


Figure 1 

7. . . output side rectifier 
8... direct current reactor 
10... input switching unit 
11... switching element 
12... flywheel diode 


13... smoothing reactor 
14... smoothing condenser 
15... input side current detector 
16... input side voltage detector 
17. . . input side current setter 
19... input side voltage setter 


Figure 2 


1 . . . alternating current input terminals 
2. . . input side step-down transformer 
3 . . . input side rectifier 


4... smoothing condenser 
5... inverter unit 
6... transformer 


7... output side rectifier 
8 . . . direct current reactor 
9... arc load 
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